TITLE OF THE INVENTION 

TRANSMISSION LINE AND DEVICE INCLUDING THE SAME 



BACKGROUND OF THE INVENTION 
5 1. Field of the Invention 

The present invention relates to a transmission 
line and a device that includes the transmission line, 
and more particularly, a transmission line that is 
connected to a semiconductor device and a device 
10 including the transmission line. 

2. Description of the Related Art 
Fig. 1A shows a plan view of an interface at 
which pads 11 of an electric component 10 such as a 
semiconductor device are connected to a transmission 
15 line 20 by metal wires 31 such as gold wires (or gold 
ribbons) . The transmission line 20 is of a coplanar 
type. 

Fig. IB is a cross-sectional view taken along a 
line A-A' shown in Fig. 1A, and Fig. 1C is an 

20 equivalent circuit of the circuit configuration shown 
in Fig. 1A. The use of the metal wires 31 results in 
an electric capacitance between the metal wires and a 
metal frame 30 on which the component 10 and the 
transmission line 20 are formed. Symbols LI and L2 are 

25 inductances of the metal wires 31, and Ld is an 
inductance of the transmission line 20. 

In general, the capacitance CI is much smaller 
than an electric capacitance Cd (Cl«Cd) on the side of 
the transmission line 20. This causes discontinuity of 

30 impedance between the component 10 and the transmission 
line 20. This kind of problem occurs in not only the 
coplanar type transmission line but also a transmission 
line of microstrip type. 



35 SUMMARY OF THE INVENTION 

It is an object of the present invention to 
provide a transmission line and a device including the 
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transmission line in which the above problems are 
eliminated. 

A more specific object of the present invention 
is to provide a transmission line and a device using 
the same in which impedance discontinuity caused 
between a component and the transmission line is 
reduced . 

The above objects of the present invention are 
achieved by a transmission line comprising: a 
transmission line substrate; a signal line; and a first 
ground pattern that is provided on the transmission 
line substrate and is located between the transmission 
line substrate and a metal wire used to connect the 
signal line to a component. 

The above objects of the present invention are 
also achieved by a transmission line comprising: a 
transmission line substrate; a signal line; and a first 
ground pattern provided on a side surface of the 
transmission line substrate on which side a metal wire 
extends from the signal line toward a component. 

The above objects of the present invention are 
also achieved by a transmission line comprising: a 
transmission line substrate; a signal line; and means 
for adding a predetermined electric capacitance to a 
metal wire that connects the signal line to a component. 

The above objects of the present invention are 
also achieved by a device comprising: a transmission 
line including a transmission line substrate and a 
signal line provided on the transmission line 
substrate; a component; a metal wire connecting the 
signal line to the component; and a first ground 
pattern that is provided on the transmission line 
substrate and is located between the transmission line 
substrate and the metal wire. 

The above objects of the present invention are 
also achieved by a device comprising: a transmission 
line including a transmission line substrate and a 
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signal line provided on the transmission line 
substrate; a component; a metal wire which connects the 
signal line to the component; and a first ground 
pattern provided on a side surface of the transmission 
line substrate on which side a metal wire extends from 
the signal line toward a component. 

The above objects of the present invention are 
also achieved by a device comprising: a transmission 
line including a transmission line substrate and a 
signal line formed on the transmission line substrate; 
a component; a metal wire which connects the signal 
line to the semiconductor device; and means for adding 
a predetermined electric capacitance to the metal wire. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects, features and advantages of the 
present invention will become more apparent from the 
following detailed description when read in conjunction 
with the accompanying drawings, in which: 

Fig. 1A is a plan view of a conventional 
transmission line connected to a component; 

Fig. IB is a cross-sectional view taken along a 
line A-A' shown in Fig. 1A; 

Fig. 1C is an equivalent circuit diagram of the 
arrangement shown in Fig. 1A; 

Fig. 2A is a plan view of a transmission line 
connected to a component according to a first 
embodiment of the present invention; 

Fig. 2B is a cross-sectional view taken along a 
line A-A' shown in Fig. 2A; 

Fig. 2C is an equivalent circuit diagram of the 
arrangement shown in Fig. 2A; 

Fig. 3 is a plan view of a transmission line 
connected to a component according to a second 
embodiment of the present invention; 

Fig. 4A is a plan view of a transmission line 
connected to a component according to a third 



embodiment of the present invention; 

Fig. 4B is a cross-sectional view taken along a 
line A-A' shown in Fig. 4A; 

Fig. 5A is a plan view of a transmission line 
connected to a component according to a fourth 
embodiment of the present invention; 

Fig. 5B is a plan view taken along a line A-A' 
shown in Fig. 5A; 

Fig. 6A is a plan view of a transmission line 
connected to a component according to a fifth 
embodiment of the present invention; and 

Fig. 6B is a cross-sectional view taken along a 
line A-A' shown in Fig. 6A. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring now to the drawings, a description will 
be given of preferred embodiments of the present 
invention with reference to the accompanying drawings. 
First Embodiment 

A first embodiment of the present invention 
employs a coplanar type transmission line. 

Fig. 2A is a plan view of a device with a 
transmission line 20a according to the first embodiment 
of the present invention, in which parts that are the 
same as those shown in Figs. 1A through 1C are given 
the same reference numerals. The component 10 and the 
transmission line 20a are disposed a predetermined 
distance apart. A signal line 22 and a ground pattern 
23a of the transmission line 20a are connected to the 
pads 11 of the component 10 through metal wires 31 made 
of, for example, gold. The distance between the 
component 10 and the transmission line 20a depends on a 
design condition of the device. In this respect, it is 
possible to decrease the inductance of the metal wires 
, 31 by setting the distance between the component 10 and 
the transmission line 20a as short as possible. By 
such an arrangement, it is possible to alleviate design 
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demands of the metal wiring and the transmission line 
20a. Furthermore, as the metal wires become shorter, 
they have reduced inductance, so that impedance 
discontinuity can be reduced. 

The metal wires 31 may be gold wires, or gold 
ribbons. The component 10 may be one of various types 
of semiconductor devices such as a switch, a mixer and 
an amplifier. The component employed in the first 
embodiment of the invention is a semiconductor device 
capable of operating at high-frequency (RF) . The 
coplanar type transmission line 20a has a structure in 
which the signal line 22 and the ground pattern 23a 
associated with the signal line 22 are formed on a 
transmission line substrate 21 made of a dielectric 
material. 

The ground pattern 23a includes two portions 
(hereinafter referred to as portions A) and a portion B 
on the transmission line substrate 21. The portions A 
run in parallel with the signal line 22. The portion B 
connects two ends of the portions A and runs below the 
metal wire 31 bonded to the signal line 22 so as to 
cross the signal line 22. The portion B on the signal 
transmission substrate 21 is located between the signal 
line 22 and the component 10. 

The parallel portions A of the ground pattern 23a 
are of an ordinary coplanar type ground patterns. The 
portion B has a unique structure in the present 
embodiment. The portion B of the ground pattern 23a 
forms an electric capacitance C2 between the portion B 
and the metal wire 31 that extends from the signal line 
22, as shown in Fig. 2B, which is a cross-sectional 
view taken along the line A-A' shown in Fig. 2A. 

The capacitance C2 is connected in parallel with 
the capacitance CI formed between the metal wire 31 and 
frame 30, as shown in Fig. 2C. When the capacitance C2 
is designed to have a value that makes the composite 
capacitance C1+C2 equal to the capacitance Cd of the 
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transmission line 20a, impedance matching between the 
interface and the transmission line 20a can be improved. 
In Fig. 2C, LI and L2 represent inductances of the 
metal wire 31, and Ld represents the inductance of the 
transmission line 20a. 

The portion B of the ground pattern 23a also 
functions to reduce influence over the signal line 22 
caused by unnecessary radiation from the pads 11 that 
are not connected to the signal line 22. 

The portions A and B of the ground pattern 23a 
make a right angle and are integrally formed in one 
piece so as to have a horseshoe shape. The ground 
pattern 23a does not need a particular process, and 
does not cause a potential difference between the 
parallel ground portions A. Since the portions A are 
at an identical potential, there is no interference and 
no impedance mismatch that may be caused if there is a 
potential difference therebetween. 

The ground pattern 23a as described above is 
electrically connected to the frame 30 through one or 
more through holes 24 as shown in Fig. 2A. The frame 
30 is placed on the surface of the transmission line 
substrate 21 opposite to the other surface on which the 
signal line 22 is disposed. The through holes 24 
penetrate through the transmission line substrate 21 
and connect the opposing surfaces thereof. The frame 
30 may be made of a metal, and is grounded. The ground 
pattern 23a is electrically connected to the frame 
through the through holes 24, and is thus grounded. 

The portions A and B of the ground pattern 23a in 
Fig. 2A may be separated from each other. In this case, 
the separate portions A and B should be connected to 
the frame 30 by the through holes 24 respectively 
provided for each portion. The capacitance C2 thus 
, formed is designed to have a value that makes the 

composite capacitance C1+C2 equal to the capacitance Cd 
of the transmission line 20a. It is therefore possible 
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to improve the impedance matching between the interface 
and the transmission line 20a and to reduce influence 
over the signal line 22 that can be caused by 
unnecessary radiation from the pads 11 that are not 
connected to the signal line 22. 

The portions A and B may have yet another 
arrangement in which only one of the two portions A and 
B makes a right angle so that the ground pattern 23a 
can be integrally formed so as to have an L shape. The 
capacitance C2 thus formed is also designed to have a 
value that makes the composite capacitance C1+C2 equal 
to the capacitance Cd of the transmission line. It is 
therefore possible to improve the impedance matching 
between the interface and the transmission line and to 
reduce influence over the signal line 22 that can be 
caused by unnecessary radiation from the pads 11 that 
are not connected to the signal line 22. 
Second Embodiment 

Fig. 3 shows a device with a transmission line 
according to a second embodiment of the present 
invention. A ground pattern 23b is evenly spaced apart 
from a signal line 22b. In other words, the distance 
or spacing between the ground pattern 23b and the 
signal line 22b is fixed at any point. In order to 
achieve the fixed distance, the inner edge of the 
ground pattern 23b has an arc shape, and the signal 
line 22b has a counterpart in shape. With this 
arrangement, it is possible to prevent the electric 
field formed between the signal line 22b and the ground 
pattern 23b from concentrating on a particular position 
or deviating and to thus form the even electric field. 
The arc shape may have a portion of a circle, an 
ellipse, and so on. 

The ground pattern 23b and the signal line 22b 
are connected' to the pads 11 of the component 10 by 
metal wires 31 that serve as an interface between the 
component 10 and the transmission line 20b. The end of 
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the signal line 22b subjected to wire bonding may have 
a semicircular shape. The inner edge of the ground 
pattern 23b that surrounds the signal line 22b has a 
counterpart in shape so that the inner edge of the 
ground pattern 23b can be evenly spaced apart from the 
arc-shaped end of the signal line 22b. 

The inner edge of the ground pattern 23b that 
faces the arc-shaped end of the signal line 22b may be 
varied. For example, the ground pattern 23b may have 
one or two corners, which face the end of the signal 
line 22b and have an arc shape. In this case, 
preferably, the end of the signal line 22b may have one 
or two corner counterparts so that the inner edge of 
the ground pattern 23b can be evenly spaced apart from 
the end of the signal line 22b. 

The other portions of the second embodiment of 
the present invention are the same as those of the 
first embodiment thereof. 
Third Embodiment 

~ A device according to a third embodiment of the 

invention employs a microstrip line as the transmission 
line . 

Fig. 4A is a plan view of a device with a 
transmission line 20c according to the third embodiment 
of the present invention. The transmission line 20c 
has a signal line 22c having an end to which the metal 
wire 31 is bonded. A ground pattern 23c formed on the 
signal line substrate 21 has two parallel portions and 
an intermediate portion connecting the parallel 
portions. The intermediate portion is interposed 
between the component 10 and the signal line 22c, and 
is located below the metal wire 31 that connects the 
signal line 22c to the pad 11 of the component 10. 
This arrangement of the intermediate portion is similar 
to the portion B of the ground pattern 23a. The two 
parallel portions of the ground pattern 23c are not 
associated with the signal line 22c in signal 



transmission but are used to ground the intermediate 
portion that crosses the wires. The two parallel 
portions of the ground pattern 23c are connected via 
the through holes 24 to ground provided on the bottom 
surface of the transmission line substrate 21 opposite 
to the surface on which the signal line 22c is formed. 
Since the transmission line 20c is a microstrip line, a 
ground pattern 25 associated with the signal line 22c 
is formed on the backside of the transmission line 
substrate 21 opposite to the side on which the signal 
line 22c is formed. In other words, the two parallel 
portions of the ground pattern 23c serve as members 
that connect the intermediate portion of the ground 
pattern 23c to the ground pattern 25. 

In Fig. 4A, the ground pattern 23c has a 
horseshoe shape. Alternatively, the ground pattern 23c 
may have a straight shape or an L shape. The L shape 
may be formed by the straight intermediate portion and 
one of the parallel portions. 

The other portions of the device shown in Figs. 
4A and 4B are the same as those of the first embodiment 
of the invention. 
Fourth Embodiment 

According to a fourth embodiment of the invention, 
a ground pattern used to make additional capacitance C2 
is provided on a side surface of the transmission line 
substrate 21. 

Fig. 5A is a plan view of a device having a 
transmission line 20d according to the fourth 
embodiment of the present invention, and Fig. 5B is a 
cross-sectional view taken along a line A-A' shown in 
Fig. 5A. The transmission line 20d has the signal line 
22 and a ground pattern 23 having two parallel portions 
on either side of the signal line 22. The two parallel 
portions are associated with the signal line 22 in 
signal transmission. The through holes 24 electrically 
connect the ground patterns 23 to the frame 30. A 



ground pattern 26 for making an additional capacitance 
C2 that should be connected in parallel with the 
capacitance CI is provided on a side surface of the 
signal transmission substrate 21 that faces the 
component 10. The ground pattern 26 is interposed 
between the component 10 and the transmission line 20d. 
The ground pattern 26 is located below the metal wire 
31 that connects the signal line 22 and the 
corresponding pad 11 of the component 10. Hereinafter, 
the side surface of the transmission line substrate 21 
is referred to as given side surface. 

The ground pattern 26 may be partially provided 
on the given side surface so that it can be located 
below the metal wire 31 extending from the signal line 
22. Alternatively, the ground pattern 26 may be 
provided on the whole given side surface. Also, the 
ground pattern 26 may extend up to the surface of the 
transmission line substrate 21 on which the signal line 
22 is provided. The ground pattern 26 is in contact 
with the metal frame 30. Since the metal frame 30 is 
grounded, the ground pattern 26 is constantly at the 
ground potential. The capacitance C2 is formed between 
the ground pattern 26 and the metal wire extending from 
the signal line 22. The capacitance C2 is connected in 
parallel with the capacitance CI formed between the 
metal wire 31 and the frame 30. The capacitance C2 is 
designed to have a value that makes the composite 
capacitance C1+C2 equal to the electrostatic 
capacitance Cd of the transmission line 20d. Thus, the 
fourth embodiment of the invention has the same effects 
as those of the aforementioned first embodiment. The 
other portions of the present embodiment are the same 
as those of the first embodiment. 
Fifth Embodiment 

A fifth embodiment of the present invention is an 
application of the concept of the fourth embodiment to 
a microstrip type transmission line. A ground pattern 
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27 is provided on a side surface of a transmission line 
substrate 21 of microstrip line type. This side 
surface of the transmission line 20e faces the 
component 10. In Fig. 6A, the ground pattern 27 is 
provided on the whole side surface of the transmission 
line substrate 21. Alternatively, the ground pattern 
27 may be provided on a part of the side surface of the 
transmission line substrate 21. Preferably, the ground 
pattern 27 should be located under the metal wire 31 
extending from the signal line 22. The ground pattern 
27 is connected to the corresponding pads 11 of the 
component 10 by wires. 

As shown in Fig. 6B, the ground pattern 27 is 
integrally formed with the ground pattern provided on 
the backside of the transmission line substrate 21. 

As described above, in accordance with the 
present invention, the electric capacitance is added to 
the metal wire, which capacitance contributes to 
reducing impedance discontinuity between the component 
and the transmission line. The additional ground 
pattern provided between the component and the 
transmission line reduces influence of radiation over 
the signal line from pads on the component that are not 
connected to the signal line. The additional ground 
pattern may be integrally formed with the ground 
patterns involved in transmission line. This prevents 
a potential difference from developing between the 
ground patterns in transmission line and reduces 
impedance discontinuity between the interface and the 
transmission line. The integral formation of the 
additional ground pattern with the ground patterns 
associated with the signal line does not need 
additional production process. The arrangement in 
which the additional ground pattern is equally spaced 
, apart from the signal line contributes to evenly 

applying the electric field to the signal line. The 
present invention includes not only the coplanar type 
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transmission line but also the microstrip line type. 

The present invention is not limited to the 
specifically described embodiments, and other 
embodiments, variations and modifications may be made 
5 without departing from the scope of the present 
invention . 

The present application is based on Japanese 
Patent Application No. 2002-270037 filed on September 
17, 2002, the entire disclosure of which is hereby 
10 incorporated by reference. 
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